Abstract-There are many tubular objects in image segmentation problems, such as vessel, road, and river and so on. In this paper, an active contour method is proposed for tubular object segmentation. This method is inspired by capillarity and based on the tubular structure enhancement. We get the tubular structure response direction as well as the response intensity by analyzing the Hessian matrices, and the response result is incorporated in the active contour model to control the curve's evolution just along the tubular object's extend direction. This active contour method is fit for tubular object segmentation, the experiments results valid our method.
INTRODUCTION
Active contour model has received widely attention and research after first proposed by Kass in 1987 [1] . Active contour evolves the contour by minimizing the contour energy using direct minimization techniques such as gradient descent and region statistical information to get the boundary of all kinds of objects, especially for the nonrigid objects. Over the years there has been a progression of active contours derived from edgebased energies (e.g., [2] [3] [4] ) to region-based energies (e.g., [5] [6] [7] ). Nowadays, active contour is a widely use method in image processing. In reference [8] , a shape restraint C-V model, this method combines the C-V model using level sets [5] and elliptic shape restraint for papilla object segmentation. Taro Yokoyama et.al [9] proposed an active contour method for human face extraction based on the shape characteristics. Lorigo et al. [10] proposed the 'CURVES' active contour algorithm to extract vessels, which uses a geodesic active contour based on the codimension two level set method. Yan.P, et al. proposed a capillary action based geodesic active contour method [11] , which is modeled on the physical phenomenon of capillary action. It's an interesting and effective method for 3D images. All the method are proposed for a specific target, in this paper, we proposed an active contour method to segment the kind of tubular objects in 2D images, such as figure 1, for instance. The proposed method can be used in road detection and vessel segmentation.
In this paper, tubular structure response information is incorporated with the active contour model according to the capillarity, to make the evolution more effective and correctly. The paper is organized as follows. Section 2 provides research background about the proposed method. The details of our method are presented in section 3. The experimental results are presented in section 4 and conclusions are given in section 5. 
A. Level set methods
Level set methods are numerical techniques for analyzing and computing interface motion, which are now standard approaches for solving partial differential equations (PDEs). Since level set methods use implicit representation for the evolving curves, they enable topological changes to occur without incurring any additional computational costs [12] . When solving a problem, the level set method increase the dimensionality of the problem to a higher one. For example in curve evolution problem, instead of evolving the 2D curve, the method deforms a 3D surface, where the 2D objective curve is embedded as its zero level set. Then different topologies of the 2D curve can be represented by a constant topology of the 3D surface.
be the signed distance function to curve , which makes as the zero level set of Ψ , If is evolved according to
Where N is the unit normal vector of the surface, F is a speed function, it can be shown that it is equivalent to evolving
The evolving curve is then obtained as the zero level set of t Ψ . Since implicit representation is used in level set, the level set update (2) also applies to 3D surface evolution.
B. Geodesic active contours
It was represented firstly by Kass et al. [1] in their classical snake approach that the problem of finding a curve that best fits the object boundary equals to the minimization over all closed planar curves
In the snakes approach, the energy of the associated curve is given by,
Where β α , and λ are real positive constants, and
is a given target image. Caslles et al [7] obtained a minimal path representation of the energy,
To minimize this energy function by steepest descent, consider curve to be a function of time t . The EulerLagrange equation yields the curve evolution equation
Where k is the Euclidean curvature; and N is the unit normal vector of the surface. The level set update function is
Inspired by the capillary action, which is shown in figure 2 , we propose active contour for tubular object segmentation by adding a pulling term in the evolution equation to force the curve evolving along the tubular directions. Our algorithm includes two steps: to enhance tubular structure, obtain the response direction (the vector field along the directions of the tubular object); and then to evolve the curve according to our evolution equation. 
A. Tubular structure enhancement and tubular response
In reference [13, 14] , Frangi et al proposed a multi-scale tubular enhancement filtering to enhance vesselness. A tubular structure measure was obtained on the anlysis of all eigenvalues of Hessian matrix. In our algorithm, we are not only interested in the eigenvalues but also the eigenvectors of Hessian matrix. The response intensity can be scaled by the eigenvalues, the response direction is the eigenvector which corresponse to the smallest magnitude eigenvalue.
A common approach to analyze the local behavior of an image L is to consider its Taylor expansion in the neighborhood of a point 0 x , as Esq. (7) The eigenvalue decomposition extracts orthonormal direction which is invariant up to a scaling factor when mapped by the Hessian. According to the conclusion in reference [13] , and as shown in figure 3 , for an ideal dark tubular structure in 2D image, the eigenvalues will satisfy: The tubular response intensity is measured by equation (11) ⎪ ⎩ 
B. Active contour based on tubular response
As same as other level set methods, we use the zero level set of function Ψ as the surface of the object S . To make the surface evolve along the object, we set a pulling term v F on geodesic active contour model. The relationship of the vector field and the wanted contour evolving direction is shown in Figure 5 .
We define the pulling term v F as follows:
Where v F is the tubular response intensity which defined in (11) . The Equation implies that the pulling term does not work at the area where the tubular response intensity is zero (non tubular object area) or where the direction of response vector perpendiculars to the normal vector of the surface, but works at the area where the direction of response vector is parallel to the normal vector. Thus, this pulling term will help surface evolve along the tubular object extend direction. 
IV. IV. EXPERIMENTS
The proposed active contour can be applied to segmentation the roads, retinal vessel and rivers, we give some experiment results in Figure 7 -9, the corresponding segmentation results of widely used C-V [5] model are given in Figure 10 . It cloud be seen that from those results, our method can segment the tubular object with great boundary, and also can handle the little gap (figure 7), thin tubular (figure 8) and noise(figure 9) problem. C-V model is region based, the segmentation course are influenced by the uneven intensity distribution (figure10(a,b) )and noise( figure 10(c) ), so the results in figure 10 are wrong or with many noise.
V. CONCLUSIONS
This paper proposes an active contour evolution method for tubular object segmentation. This method set a pulling term along the tubular extend direction on the geodesic active contour model, this pull term can affect the evolution of contour and make better segmentation results. This method is resistant to noise and short gap. The future work is method more robust to segment tubular object with bigger gap and in more complicate environment.
